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Summary  Retroperitoneal  ﬁbrosis,  inﬂammatory  aortic  aneurysm,  and  pericardial  and  medi-
astinal ﬁbrosis  are  characterized  by  inﬁltration  of  immuno-inﬂammatory  cells  and  deposition  of
thickened  ﬁbrous  tissues.  Several  recent  studies  suggested  that  an  immunoglobulin-G4  (IgG4)-Idiopathic
retroperitoneal
related immunological  mechanism  may  play  a  role  in  these  diseases.  By  searching  the  clinical
database of  patients  admitted  to  our  department  between  2000  and  2010,  we  summarized
the clinical  data  of  11  patients  who  were  diagnosed  to  have  these  disorders.  The  diagnosesﬁbrosis  ;Pericardialﬁbrosis;
IgG4-related  disease
were idiopathic  retroperitoneal  ﬁbrosis  (8  cases),  mediastinal  and/or  pericardial  ﬁbrosis  (4
cases), inﬂammatory  abdominal  aneurysm  (2  cases),  and  inﬂammatory  coronary  periarteritis  (1
case). Hypertension,  diabetes,  and  dyslipidemia  were  found  in  45%,  36%,  and  55%,  respectively,
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diopathic  retroperitoneal  ﬁbrosis  [1],  inﬂammatory  aor-
ic  aneurysm,  and  mediastinal  and  pericardial  ﬁbrosis  are
isorders  characterized  by  the  enhanced  ﬁbroinﬂammatory
hickening  of  adventitial  tissues.  The  former  two  disorders,
specially,  are  sometimes  categorized  as  chronic  periaor-
itis  due  to  the  clinical  and  histological  similarities  [2,3].
hronic  periaortitis  may  sometimes  be  associated  with  coro-
ary  periarteritis  [4,5]. On  the  other  hand,  whether  the
ame  pathological  background  plays  a  role  in  disease  and
hether  there  are  biomarkers  reﬂecting  the  activity  of
hese  diseases  have  not  been  well  understood.  Attention
as  recently  been  directed  to  a  newly  emerging  clinical
ntity,  immunoglobulin-G4  (IgG4)-positive  sclerosing  disease
6],  or  IgG4-positive  multiorgan  lymphoproliferative  syn-
rome  [7],  since  serum  IgG4  levels  and  tissue  inﬁltration
f  IgG4-positive  plasma  cells  were  ﬁrst  characterized  in
utoimmune  pancreatitis  by  a  Japanese  group  [8].  Although
he  pathogenesis,  clinical  spectrum,  and  biomarkers  for
his  disorder  have  not  been  fully  established,  IgG4-related
isease  is  characterized  by  the  enhanced  tissue  migra-
ion  of  IgG4-positive  lymphocytes,  which  is  often,  but  not
lways,  accompanied  by  an  increase  in  serum  IgG4  levels.
ubsequently,  it  has  become  evident  that  a  similar  clini-
opathological  ﬁnding  may  be  present  in  a  wide  variety  of
isorders,  such  as  idiopathic  retroperitoneal  ﬁbrosis,  inﬂam-
atory  abdominal  aortic  aneurysm  [9],  and  pericoronary
rteritis  [10]. By  screening  the  database  of  our  depart-
ent  for  10  years,  we  identiﬁed  11  patients  who  had
een  diagnosed  to  have  idiopathic  retroperitoneal  ﬁbrosis,
nﬂammatory  aortic  or  coronary  artery  aneurysm,  or  medi-
stinal  and  pericardial  ﬁbrosis,  and  retrospectively  analyzed
linical  courses,  the  serum  levels  of  immunoinﬂammatory
arkers  [IgG4,  soluble  interleukin-2  receptor  (sIL-2R)]  and
issue  migration  of  IgG4-positive  cells  in  available  cases.
ethods
tudy  subjects
he  study  was  approved  by  the  Ethical  Committee  of  the  Uni-
ersity  of  Tokyo,  Tokyo,  Japan.  By  searching  the  database
f  patients  referred  to  our  department  between  2000  and
010,  we  retrospectively  identiﬁed  those  patients  diagnosed
o  have  idiopathic  retroperitoneal  ﬁbrosis,  inﬂammatory
ortic  aneurysm,  inﬂammatory  coronary  aneurysm,  and
ediastinal  and/or  pericardial  ﬁbrosis.  Detailed  case  pre-
entations  (cases  1,  3,  5,  6  [11—14]) and  brief  summaries
h
a
r
oA.  Sakamoto  et  al.
 all  either  current  or  former  smokers.  Two  patients  with  peri-
hed  clinical  course,  resulting  in  in-hospital  death.  Serum  levels
soluble  interleukin-2  receptor  was  elevated  in  75%,  when  mea-
ysis  showed  marked  inﬁltration  of  IgG4-positive  plasma  cells  in
ied  of  constrictive  pericarditis.
mmune-inﬂammatory  mechanism,  which  might  be  IgG4-related
pathic  retroperitoneal  ﬁbrosis,  inﬂammatory  aortic  aneurysm,
sis,  although  clinical  course  may  differ  substantially.
ology.  Published  by  Elsevier  Ltd.  All  rights  reserved.
cases  2  and  7  [15]) had  been  reported  elsewhere,  and  a
ase  report  of  case  11  is  now  in  preparation.
aboratory  measurements
erum  levels  of  IgG4  were  determined  by  turbidimetry  (SRL,
okyo,  Japan).  Serum  levels  of  sIL-2R  were  measured  by
nzyme-linked  immunosorbent  assay,  and  high-sensitivity
-reactive  protein  (hsCRP)  was  measured  by  an  immunotur-
idimetric  assay.  The  upper  normal  ranges  of  IgG,  IgG4,  and
IL-2R  were  1737  mg/dL,  105  mg/dL,  and  519  U/mL,  respec-
ively.  The  Brinkman  index  was  calculated  as  the  number  of
igarettes  smoked  per  day  multiplied  by  the  number  of  years
f  smoking.
iagnosis
iagnosis  had  been  made  by  the  treating  physician.  Idio-
athic  retroperitoneal  ﬁbrosis  had  been  diagnosed  when
brous  soft  masses  were  found  expanding  to  surround  the
etroperitoneal  organs,  and  a  diagnosis  of  mediastinal  ﬁbro-
is  was  made  when  thickened  ﬁbrous  soft  masses  were
ound  to  surround  the  mediastinal  organs,  such  as  the  tho-
acic  aorta,  pulmonary  arteries,  pleura,  and  pericardium.
hen  enlargement  of  aorta  or  coronary  artery  in  associa-
ion  with  periarterial  thickening  was  manifest,  inﬂammatory
neurysm  of  responding  regions  was  diagnosed.  Histological
pecimens  were  available  in  6  patients.  Two  of  6  samples
ere  from  autopsy  specimens  (cases  7  and  8),  and  the
emaining  4  samples  were  from  biopsy  specimens  (cases  3,
,  5,  and  11).
esults
ummaries  of  the  patient  investigations  are  presented  in
able  1.  Males  were  predominant  (10/11,  91%)  and  the  mean
ge  was  65.1  years  (range  31—83  years)  in  the  patients
nrolled.  Four  patients  had  certain  pancreatic  involve-
ents,  including  autoimmune  pancreatitis  (cases  3,  8,  11)
nd  an  intraductal  papillary  mucinous  tumor  (case  6).  Among
therogenic  risk  factors,  hypertension,  diabetes,  and  dys-
ipidemia  were  found  in  5  (45%),  4  (36%),  and  6  (55%)
atients,  respectively,  and  notably,  all  patients  had  either
urrent  or  former  smoking  history.  Of  8  patients  diag-
osed  with  idiopathic  retroperitoneal  ﬁbrosis,  6  cases  had
ydronephrosis.  In  a  patient  with  inﬂammatory  coronary
rtery  aneurysm  (case  11),  dilatation  of  abdominal  or  tho-
acic  aorta  was  not  apparent.  Two  (cases  4  [Fig.  1]  and  7)
f  the  three  patients  diagnosed  to  have  mediastinal  ﬁbrosis
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Table  1  Patient  characteristics.
Age Sex Diagnosis Risk  factors Brinkman  index Past  history Family  history Coronary  artery Corticosteroid  therapy
Case  1 66 M Idiopathic  retroperitoneal
ﬁbrosis
HT,  DL,  Sm 1600 Atrioventrioular  block 0VD Initial  30  mg/day
Dilated cardiomyopathy Maintenance  5  mg/day
Case 2 60 M Idiopathic  retroperitoneal
ﬁbrosis
HT,  DL,  Sm 800 Gastric  ulcer DM,  IHD 3VD None
Case 3 68 M Idiopathic  retroperitoneal
ﬁbrasis
HT,  DM,  Sm 660 Cancer  (bladder) HT,  DM N/A Initial  30  mg/day
Chronic lymphangitis Maintenance  5  mg/day
Autoimmune  pancreatitis
Case 4 54 M Idiopathic  retroperitoneal
ﬁbrosis
HT,  DL,  Sm 60 HT N/A Initial  30  mg/day
Mediastinal ﬁbrosis Maintenance  10  mg/day
Case 5 31 M Mediastinal  ﬁbrosis Sm 110 N/A Initial  40  mg/day
Maintenance  5  mg/day
Case 6 57 M Idiopathic  retroperitoneal
ﬁbrosis
Sm 1600 Pancreatitis HT,  leukemia N/A Initial  30  mg/day
Maintenance  7.5  mg/day
Case 7  69  M  Idiopathic  retroperitoneal
ﬁbrosis
Sm  450  Cancer  (lung)  0VD  None
Pericardial ﬁbrosis
Mediastinal  ﬁbrosis
Case 8  83  M  Idiopathic  retroperitoneal
ﬁbrosis
Sm  330  Cancer  (gastric)  Cerebral  hemorrhage  N/A  None
Pericardial ﬁbrosis  Autoimmune  pancreatitis
Mediastinal  ﬁbrosis
Case 9 72 M Inﬂammatory  abdominal
aneurysm
DL,  DM.  Sm 765 Diverticulitis HT,  DM 1VD  (RCA) None
Case 10 81 F Inﬂammatory  abdominal
aneurysm
DL,  DM,  Sm 600 Cancer  (tongue) HT 1VD  (LAD) None
Idiopathic retroperitoneal
ﬁbrosis
Case  11  75  M  Inﬂammatory  coronary
aneurysm
HT,  DL,  DM,  Sm  600  Autoimmune  pancreatitis  DL,  IHD  2VD  Initial  30  mg/day
Maintenance  7.5  mg/day
M, male; F, female; HT, hypertension; DL, dyslipidemia; DM, diabetes mellitus; Sm,  smoking; VD, vascular disease; RCA, right coronary artery; LAD, left anterior descending artery; IHD,
ischemic heart disease.
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Figure  1  Computed  tomography  (CT)  of  the  case  with  mediastinal  and  retroperitoneal  ﬁbrosis.  CT  image  of  case  4  without
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wontrast medium  enhancement.  (A)  The  aortic  arch  was  surrou
B) Pericardial  effusion  was  present.  (C)  Soft-tissue  density  mas
ad  idiopathic  retroperitoneal  ﬁbrosis.  In  6  patients,  corti-
osteroid  therapy  was  introduced  with  an  initial  daily  dose
f  30  mg  (5  cases)  or  40  mg  (1  case),  and  steroid  treatment
as  continued,  at  least  during  the  study  period,  with  a  main-
enance  dose  of  5—10  mg  per  day.
Laboratory  investigation  revealed  that  leukocytosis
white  blood  cell  count  >9.0  ×  103/L)  was  27%  and
ncreased  CRP  (>0.3  mg/dL)  was  found  in  45%,  and  that
nti-nuclear  antigen  was  positive  in  38%  (n  =  8)  of  patients.
n  the  other  hand,  elevated  levels  of  serum  IgG4  and  sIL-
R  were  found  in  67%  and  75%,  respectively,  of  patients
ho  had  had  these  parameters  measured  (Table  2).  In  eight
atients  in  whom  both  IgG4  and  sIL-2R  were  measured,  cor-
elation  coefﬁcient  between  IgG4  and  sIL-2R  was  0.13  (NS).
rythrocyte  sedimentation  rate  was  found  to  be  elevated
n  100%  of  cases  (n  =  10),  although  this  parameter  was  not
vailable  in  one  patient.  Similar  computed  tomography  (CT)
mages  were  obtained  in  case  3  [15]  and  in  case  6  [13]; mild
ilation  of  the  aorta,  calciﬁcation  of  the  aortic  wall,  and
eriaortic  ﬁbrous  thickening  (Fig.  2);  however,  serum  levels
f  IgG4  were  elevated  in  case  3,  but  not  in  case  6.  Serum
evels  of  IgG4  and  sIL-2R  were  found  to  decrease  after  suc-
essful  corticosteroid  therapy  in  some  patients  along  with
melioration  of  the  ﬁbrosis  in  CT  images  (data  not  shown).
roteinuria  was  seen  in  4  (36%)  patients  (Table  2).  Coronary
rtery  was  evaluated  in  6  patients  by  either  multi-detector
T  and/or  coronary  artery  angiography.  Signiﬁcant  coronary
rtery  stenosis  was  found  in  4  (67%).
Eight  patients  underwent  18F-ﬂuorodeoxyglucose
ositron  emission  tomography  (18F-FDG-PET),  and  in  all
atients,  enhanced  18F-FDG  uptake  was  shown  at  the
ite  of  thickened  ﬁbrotic  tissues.  In  two  cases,  enhanced
8F-FDG  was  seen  in  bones;  vertebral  and  pelvic  bone  in
ase  4  (Fig.  3),  and  upper  forelimb,  sternal,  rib,  vertebral,
elvic,  and  femoral  bones  in  case  7.  67-Gallium-citrate
cintigraphy  also  showed  accumulation  of  the  nucleotide  in
he  lesions  with  increased  18F-FDG  uptake  in  case  6  (data
ot  shown).
Histological  analyses  were  available  in  6  patients;  and  4
f  6  were  from  biopsy  specimens  (cases  3,  4,  5,  and  11)  and
emaining  2  were  from  autopsy  specimens.  IgG4  were  found
o  be  positive  in  biopsy  specimens  from  case  3  (pancreas),
ase  4  (mediastinum),  and  case  5  (mediastinum),  but  nega-
ive  in  that  from  case  11  (tendon  xanthoma).  Two  patients
ad  a  fatal  outcome  with  a  rush  clinical  course  (cases  7  and
),  both  of  which  were  presented  as  mediastinal  and  peri-
ardial  ﬁbrosis.  Case  7,  who  was  admitted  to  hospital  for
he  investigation  of  pleural  and  pericardial  effusion,  died  45
a
t
o
t by  soft-tissue  density  mass.  The  wall  of  aorta  was  thickened.
rounded  the  abdominal  aorta.
ays  after  the  admission  from  massive  pericardial  effusion.
ase  8,  who  had  been  diagnosed  with  autoimmune  pancre-
titis  8  years  before  the  last  admission,  was  admitted  to
ospital  complaining  of  appetite  loss  and  edema  in  the  lower
xtremities,  eventually  died  on  the  sixth  hospital  day.  In
his  case,  CT  showed  massive  pericardial  and  pleural  effu-
ion  (Fig.  4A)  and  atrophy  of  the  right  kidney  caused  by  the
etroperitoneal  ﬁbrosis.  Serum  IgG4  levels  were  markedly
812  mg/dL)  elevated  in  this  case.  Histological  analysis  of
n  autopsy  specimen  from  this  patient  showed  the  inﬁltra-
ion  of  IgG4-positive  plasma  cells  mainly  in  the  pericardium
Fig.  4),  as  well  as  in  the  visceral  and  parietal  pleura.  IgG4-
ositive  plasma  cells  were  also  present  in  the  pancreas,  and
he  retroperitoneal  ﬁbrous  tissues,  although  only  sparsely
data  not  shown).  These  ﬁndings  suggested  that  the  main
ause  of  death  in  case  8  was  respiratory  failure  due  to  mas-
ive  pleural  and  pericardial  effusion  induced  by  IgG4-related
mmuno-inﬂammation.
iscussion
e  summarized  the  data  of  11  patients  who  were  diagnosed
o  have  idiopathic  retroperitoneal  ﬁbrosis,  inﬂammatory
ortic  or  coronary  artery  aneurysm,  and  mediastinal  and/or
ericardial  ﬁbrosis.  Three  out  of  four  patients  with  medi-
stinal  ﬁbrosis  had  concomitant  idiopathic  retroperitoneal
brosis,  which  may  support  the  notion  that  the  same  patho-
ogical  mechanisms  may  underlie  these  disorders.  During  the
tudy  period,  two  patients  showed  fatal  outcomes,  both  of
hom  had  pericardial  involvement,  and  it  was  found  that
bundant  IgG4-positive  plasmacytic  inﬁltration  was  present
n  the  pericardium  in  one  of  these  patients  (Fig.  4).
All  11  patients  had  at  least  one  common  atherosclerotic
isk  factor,  in  agreement  with  previous  studies  [16], and,
otably,  all  of  these  patients  had  a  history  of  smoking,  which
ontrasts  with  the  ﬁnding  that  about  60%  of  patients  under-
oing  coronary  angiography  at  our  department  had  a  history
f  smoking  over  a similar  study  period  (data  not  shown).
ennell  et  al.  reported  that  92%  of  patients  with  inﬂamma-
ory  abdominal  aortic  aneurysm  were  heavy  smokers  [17].
his  high  prevalence  of  smokers  in  patients  with  inﬂamma-
ory  abdominal  aneurysm  may  be  higher  than  that  in  those
ith  atherosclerotic  abdominal  aneurysm  [18,19].  It  has
lso  been  reported  that  76%  of  the  patients  with  retroperi-
oneal  ﬁbrosis  had  a  smoking  history  [20]. Taken  together,
ur  data  suggested  that  cigarette  smoking  may  be  an  impor-
ant  risk  factor  for  idiopathic  retroperitoneal  ﬁbrosis  and
Retroperitoneal,  periarterial,  and  pericardial  ﬁbrosis  
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nﬂammatory  aortic  aneurysm,  also  in  Japan,  although  pos-
ibility  of  selection  bias  of  the  patients  should  be  excluded
n  future  studies.  This  contrasts  with  the  ﬁnding  that  smok-
ng  prevalence  may  not  be  higher  in  patients  with  Takayasu’s
rteritis,  another  immuno-inﬂammatory  vasculitis  syndrome
21].
We  found  that  clinical  pictures  of  idiopathic  retroperi-
oneal  ﬁbrosis  in  two  patients  were  similar  (Fig.  2),  although
erum  IgG4  levels  were  elevated  in  only  one  of  these.  It
as  been  reported  that  among  patients  with  inﬂammatory
ortic  aneurysm,  some  patients  have  increased  serum  IgG4,
hile  others  do  no  not  [9].  Several  possibilities  may  exist
o  explain  this  observation.  First,  different  pathological
echanisms  may  underlie  ‘IgG4-related’  and  ‘non-related’
ystemic  sclerosis.  Second,  different  phase  of  such  disorders
ay  be  observed.  Third,  although  IgG4  may  represent  a  pos-
ible  biomarker,  IgG4  per  se  may  not  play  a  central  role  in
ystemic  sclerosing  disease,  and  thus,  may  not  be  mandatory
or  the  pathogenesis.  These  possibilities  should  be  evaluated
n  future  studies.
Two  patients  (cases  7  and  8)  with  pericardial  involvement
ad  a  fatal  outcome  with  a  rush  clinical  course.  Until  now,
nly  few  case  reports  demonstrated  patients  with,  possibly,
gG4-related  pericarditis.  Sugimoto  et  al.  recently  reported
 case  with  constrictive  pericarditis  and  increased  serum
gG4  levels  (206  mg/dL)  [22]. Although  IgG4-related  peri-
arditis  was  suspected,  inﬁltration  of  IgG4-positve  plasma
ells  was  observed  only  sparsely  in  this  case.  More  recently,
abara  et  al.  reported  a  case  who  had  elevated  serum  IgG4
408  mg/dL)  and  presented  a  massive  pericardial  effusion
ith  IgG4-positive  plasma  cells  inﬁltration  that  was  proven
y  ﬁne-needle  aspiration  cytology,  and  this  patient  was  suc-
essfully  treated  with  predonisolone  50  mg/day  [23]. Our
ase  may  be  therefore  the  ﬁrst  one  with  IgG4-related  peri-
arditis  and  pericardial  ﬁbrosis  that  showed  rush  clinical
ourse.
sIL-2R,  a  truncated  form  receptor  of  interleukin-2  (IL-2),
 cytokine  that  modulates  T-cell  activation  and  responses
24],  is  secreted  from  activated  T  cells,  and  has  been
hown  to  be  elevated  in  several  hematological  [25]  and
on-hematological  disorders  [26]. In  our  study,  serum  sIL-2R
evels  were  elevated  in  6  of  8  patients  in  whom  this  parame-
er  was  measured.  Serum  sIL-2R  levels  decreased,  along  with
melioration  of  the  periaortic  ﬁbrosis,  after  corticosteroid
herapy,  which  may  indicate  that  sIL-2R  is  a  useful  biomarker
o  assess  the  disease  activity  of  idiopathic  retroperitoneal
brosis.  Although  correlation  between  IgG4  and  sIL-2R  was
ot  found  to  be  signiﬁcant  in  this  small  number  of  patients,
hether  these  biomarkers  are  in  fact  biomarkers  indepen-
ent  from  each  other  should  be  analyzed  in  a  larger  study
opulation.
In  summary,  during  the  10-year  period,  we  have  experi-
nced  11  patients  who  were  diagnosed  to  have  idiopathic
etroperitoneal  ﬁbrosis,  inﬂammatory  aortic  or  coronary
rterial  aneurysm,  and  mediastinal  and/or  pericardial  ﬁbro-
is,  and  serum  levels  of  IgG4  and  sIL-2R  were  elevated  in  67%
nd  75%,  respectively,  of  the  patients  tested.  Two  cases  who
ad  pericardial  ﬁbrosis  and  pericarditis  showed  a  fatal  out-
ome  with  a  rush  clinical  course.  In  patients  with  pericardial
nd  mediastinal  ﬁbrosis,  the  possibility  of  IgG4-related  dis-
ase  should  be  considered,  because  medical  therapies  using
teroidal  and  immunosuppressive  drugs  and  surgical  removal
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Figure  2  Reconstructed  sagittal  view  of  abdominal  computed  tomography  (CT).  (A)  Case  3.  (B)  Case  6.  In  both  cases,  calciﬁcation
of the  aortic  wall,  and  a  ﬁbrous  soft-tissue  density  mass  (arrows)  surrounding  the  mildly  dilated  abdominal  aorta  were  seen.  Although
similar changes  were  seen  on  CT,  serum  IgG4  levels  were  elevated  only  in  the  former.
Figure  3  18F-ﬂuorodeoxyglucose  positron  emission  tomography  (18F-FDG-PET)  of  the  case  presented  in  Fig.  1  (case  4).  The  image
was obtained  after  4  h  of  fasting.  Enhanced  uptake  of  18F-FDG  was  observed  in  the  mediastinum  (SUV  max  5.5)  and  retroperitoneal
regions (SUV  max  4.9)  (arrows).  In  addition,  enhanced  uptake  was  observed  in  the  vertebral  and  pelvic  bones  (arrowheads).
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Figure  4  Computed  tomography  (CT)  image  and  histological  analysis  of  case  8.  (A)  Chest  CT  showed  massive  pleural  and  pericardial
effusion, passive  atelectasis  of  the  right  lung.  (B)  Autopsy  heart  section.  Thickening  of  the  pericardial  sheath  could  be  observed.
Scale bar  indicates  1  cm.  (C)  Hematoxylin—eosin  staining.  Dense  inﬁltration  of  plasma  cells  and  lymphocytes  are  observed  in  the
epicardium. (D)  Immunohistochemical  staining  using  anti-IgG4  antibody.  Numerous  IgG4-positive  plasma  cells  were  inﬁltrated  in
[pericardium.  Original  magniﬁcations,  ×100  (C)  and  ×200  (D).
of  the  ﬁbrosclerotic  tissue  have  been  reported  to  be  effec-
tive  for  treatment,  although  the  possibility  of  infection  and,
especially,  malignancy  should  be  ruled  out  carefully.
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